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1 Introduction  
The application of nanotechnology products has 
increased significantly in recent years. With 
their broad range of applications, including  
electronics, food and agriculture, power and 
energy, scientific instruments, clothing, 
cosmetics, buildings, biomedical and health, etc 
(Catanzariti, 2008), nanomaterials are an 
indispensible part of human life. 
Despite the likely presence of airborne 
engineered nanoparticles in a growing number 
of commercial and research facilities, there is an 
obvious knowledge gap relating to the biological 
effects of a wide range of engineered 
nanoparticles. This gap has resulted in the 
absence of efficient decisions made by health 
and safety regulators in determining which 
metric should be used for exposure assessment 
(Mark, 2007).  Another challenge which has to 
be dealt with is that no single sampling method 
is capable of measuring all nanoparticle traits 
including mass, number, surface area, 
concentrations and physical and chemical 
properties (Australian Safety and Compensation 
Council, 2006). Therefore, a wide range of 
measurement equipment has been used to 
characterise workplace exposure and evaluate 
the effectiveness of emission controls. 
In this paper, we investigate the response of 
different measurement instruments to different 
types of engineered nanoparticles, in order to 
determine the factors influencing the accuracy 
of existing real time techniques, as well as their 
sensitivity, detection limits and the uncertainty 
of results in response to these particles. 
Additionally, we investigate different methods 
of generating engineered nanoparticles in the 
laboratory, which is crucial for the calibration of 
these instruments and our further studies. 
2 Materials/Methods 
In this study, several instruments were used to 
measure various metrics of engineered 
nanoparticles, such as synthetic clays and carbon 
nanotubes. Measurements were conducted at 
background sites, as well as near the likely 
sources of nanotechnology particle emissions, 
both during and between the nanoparticle 
generating processes. 
Total real time number concentration of small 
particles were measured using three types of 
condensation particle counters (CPC): (a) 
butanol based TSI Model 3025 (TSI 
Incorporated, St. Paul, MN, USA) for particles > 
3 nm, (b) water based TSI Model 3782 for 
particles > 6 nm, and (c) ethyl alcohol TSI 
Model 8525 P-Trak for particles > 20nm. For 
large particles (> 300 nm) a TSI Model 
AeroTrak 9306 optical particle counter was 
used.  
Two TSI Scanning Mobility Particle Sizers 
(SMPS), Models 3934 and 3936, were used to 
measure the real time number distribution of 
particles and a TSI 3550 Nanoparticle Surface 
Area Monitor (NSAM), with the size range of 
0.01-1.0 μm, was used to measure the surface 
area equivalent dose of inhaled particles for the 
alveolar region of the lung. 
Particle charge and particle mass concentration 
are two other important metrics which measured 
using a TSI Model 8520 DustTrak aerosol 
monitor and a TSI Model 3068 Aerosl 
Electrometer, respectively. Particle mass 
approximation was also calculated based on 
SMPS number concentration measurements. 
To study the physiochemical properties of the 
particles, a TSI Model 3089 Nanometer Aerosol 
Sampler was used to collect particles on carbon 
film-coated grids for examination by the 
Transmission Electron Microscopy (TEM) and 
they were analysed using energy dispersive x-
ray spectrometry. Scanning Electron 
Microscopy (SEM) was also used to measure 
key metrics, such as physical size, shape, 
dimensions, degree of agglomeration and 
elemental composition of nanoparticles. 
A TSI Model 8552 Q-TRAK Plus was used to 
measure environmental conditions such as CO 
and CO2 concentration, temperature and relative 
humidity, and air flow velocity was measured by 
a TSI Velocicheck Model 8330 Aneanometer. 
The measurement results were then used to 
provide time-series plots for particle number, 
PM2.5 concentration, particle count median 
diameter and particle alveolar deposited surface 
area. The contribution of each nanotechnology 
process was then studied by comparing peak and 
mean particle metrics. In addition to these plots, 
particle morphology and chemical composition 
analysis were also carried out using TEM and 
SEM.  
For laboratory particle generation, we also 
intend to apply both wet methods (Electrospray, 
Nebulizer) and dry methods (Sonicator), and to 
compare the results for different types of 
engineered nanomaterials.  
 
3 Results and Discussion 
Figure 1 shows an example of the time-series 
plots for particle number concentration (PNC) 
across different size ranges (CPC and OPC) 
during two episodes of jet-milling surface-
functionalised synthetic clay platelets.  Marked 
increases two orders of magnitude above 
background levels were observed for all particle 
sizes during the jet-milling process. 
 
 
 
Figure 1 – PNC measured by a CPC and OPC 
during two episodes of jet-milling surface-
functionalised synthetic clay platelets. 
 
According to the results obtained from our 
measurements so far, the following preliminary 
conclusions can be drawn: 
• Inter-instrument correlations are 
dependent on the specific nanomaterial 
being processed. 
• PM2.5 was poorly correlated with the 
other parameters monitored, while the 
correlation between SMPS, CPC and 
NSAM measurements ranged from fair 
to excellent. 
• A portable CPC, OPC, and photometer 
are capable of capturing most of the 
variability observed in the more 
comprehensive set of instruments. 
As the above results imply, a simplified 
approach may indeed be a suitable means of 
quantifying workplace exposure to airborne 
nanoparticles. 
 
4 Conclusions 
The outcome of this study will assist us in 
understanding the relationships between the 
major physical characteristics of engineered 
nanoparticles, as well as the capabilities and 
limitations of various instruments. This will 
allow for the development of sound knowledge 
in characterising engineered nanoparticles and a 
more comprehensive process for conducting 
human exposure assessments. This study will be 
followed by the investigation of a wide range of 
engineered nanomaterials, in order to determine 
which characteristics have the greatest impact 
on particle measurements. 
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